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1

CERAMIC CUTTING INSERT AND METHOD
OF MAKING SAME

BACKGROUND OF THE

INVENTION

The present mvention relates to a method of making a
ceramic cutting insert for metal machining and a ceramic
cutting insert.

Ceramic cutting inserts are produced by powder metallur-
gical methods comprising milling, pressing and sintering.
From the sintering process ceramic insert blanks are obtained.
As a result of the pressing operation, the blanks have rather
sharp cutting edges and also sinter skin as a result of the
sintering process. However, sharp edges break too easily
when used and sinter skin may contain surface defects acting
as crack mitiation points for an insert in operation. The sin-
tered blanks must therefore be subjected to post-sintering,
treatment. Normally, there 1s also a need to perform a post-
sintering treatment in order to obtain cutting inserts having
the correct final shape and dimensional tolerances.

Ceramic insert materials for metal machining are of the
hard but brittle type, thus easily obtaining surface defects,
such as chipping, 1f surface treated in an mappropriate way.
For this reason, care must be taken during the post-sintering
treatment not to cause damage to the msert blank surface and
particularly to the sharp, as-sintered, cutting edge. In some
circumstances, such as when surface treating particular
ceramic material grades, special measures must be taken 1n
order not to cause unacceptable surface defects and hence
rejection of the finished insert.

The common way of shaping ceramic insert blanks and
removing the sinter skin 1s by using abrasive rubbing tools,
such as conventional grinding wheels. However, grinding of
ceramic blanks, i order to obtain the desired final shape, 1s
known to be an expensive procedure requiring precision
ogrinding equipment as well as extensive manual handling of
the blanks or, alternatively, the use of expensive equipment
for automated handling. In order to obtain an edge rounding
of the cutting edge 1t 1s also necessary to perform a second
post-sintering step, normally 1n the form of a brushing opera-
tion.

The resulting edge rounding can be described by a W/H
rat10, where W 1s the width of the edge rounding along a rake
face and H 1s the width of the edge rounding along a clearance
face. In order to obtain the expected service life of the cutting
insert, the W/H ratio achieved by the treatment must be within
a certain tolerance.

The tumbling process has been used for many years for
surface preparation and treatment of metal and metal alloy
articles, for example for achieving deburring, radiusing or
polishing of components for gas turbine engines, such as
blades, vanes and nozzles.

U.S. Pat. No. 4,869,329 discloses a method of treating
inserts for rock bits for drilling comprising a composite mate-
rial of, e.g., tungsten carbide bonded with Co or a Ni—Fe
composition, using extended vibratory tumbling 1n order to
increase their fracture toughness.

OBJECTS AND SUMMARY OF TH
INVENTION

L1

It 1s an object of the present invention to provide a method
of manufacturing ceramic cutting inserts alleviating the prob-
lems of the prior art.

It 1s Turther an object of the present invention to provide an
elficient method for post-sintering treatment of ceramic cut-
ting inserts blanks.
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In one embodiment of the ivention, there 1s provided a
method of manufacturing a ceramic cutting insert, based on
an oxide ceramic, a nitride ceramic or a mixed ceramic mate-
rial 1n a process comprising the powder metallurgical steps of
providing a ready-to-press ceramic powder, pressing the
ready-to-press powder 1nto a compact of desired shape, sin-
tering the compact to a dense ceramic blank and tumbling the
ceramic blank to remove sinter skin and provide an edge
rounding.

In another embodiment of the invention, there 1s provided
a cutting msert made by the above process having an edge
rounding with a W value of from about 30 to about 70 um, an
H value of from about 30 to about 70 um and a W/H ratio of
from about 0.8 to about 1.6, and a smooth surface having an
MR  value of equal to or less than about 0.30 um.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a light optical image of an edge of an exem-
plary ceramic cutting insert subjected to a post-sintering
treatment according to the imvention.

FIG. 2 shows a light optical image of an edge of an exem-
plary ceramic cutting insert subjected to a post-sintering
treatment according to the imnvention.

FIG. 3 shows a light optical image of an edge of an exem-
plary ceramic cutting insert subjected to a comparative post-
sintering treatment.

FIG. 4 shows a light optical image of an edge of an exem-
plary ceramic cutting insert subjected to a comparative post-
sintering treatment.

FIG. 5 shows a light optical image of a worn edge of an
exemplary ceramic cutting insert according to the invention.

FIG. 6 shows a light optical image of a worn edge of an
exemplary ceramic cutting 1nsert according prior art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

It has surprisingly been found that it 1s possible 1n a single
post-sintering operation of a ceramic sert blank to achieve a
surface treatment, removing sinter skin, as well as achieving
an edge rounding to a W, H and W/H ratio within the required
tolerance.

According to the present invention, there 1s provided a
method of manufacturing a ceramic cutting insert, based on
an oxide ceramic or a nitride ceramic or a mixed ceramic
material, possibly containing whiskers (e.g., of S1C), 1n a
process comprising the powder metallurgical steps of provid-
ing a ready-to-press ceramic powder, pressing the ready-to-
press powder mto a compact of desired shape, sintering the
compact to a dense ceramic blank and tumbling the ceramic
blank, to remove sinter skin and provide an edge rounding.

More specifically, the method 1s characterized by running,
the tumbling process step until the ceramic insert has an edge
rounding of the cutting edge with a W value of from about 30
to about 70 um, an H value of from about 30 to about 70 um
and a W/H ratio of from about 0.8 to about 1.6, as well as a
mean surface roughness value, MR  value, of equal to or less
than about 0.30 um, preferably equal to or less than about 0.25
LLIT.

It 1s within the purview of the skilled artisan to determine
the tumbling time necessary to obtain the desired edge round-
ing, with the specified values for W, H and the W/H ratio, and
the desired MR value.

The invention 1s particularly successiul when applying the
method on a cutting insert having a rounded shape.




US 9,238,285 B2

3

It has further been determined that the mvention works
particularly well when applying the method on a cutting
insert of a sialon grade.

It 1s preferred to use ceramic chips, preferably aluminum
oxide chips, as tumbling media.

In one embodiment, the tumbling time 1s equal to or more
than about 300 minutes, more preferably equal to or more
than about 360 minutes, but preferably equal to or less than
about 720 minutes, more preferably equal to or less than
about 660 minutes.

In one preferred embodiment, the tumbling process 1s per-
formed 1n a vibratory tumbler.

In one embodiment the tumbling process comprises load-
ing the sintered ceramic blanks 1nto a tumbler, of vibratory
type, with ceramic chips as tumbling media, where the weight
rat1o of chips:blanks 1s from about 3:1 to about 7:1, the total
blank weight being from about 5 to about 13 kg, adding a
conventional grinding support compound 1n an amount of
from about 1400 to about 1800 g, running water at speed of
about 1 liter/hour, and running the tumbling process for from
about 570 to about 630 minutes.

In one embodiment the tumbled insert 1s further subjected
to a grinding operation on selected surfaces, e.g., the top and
bottom surface of an 1nsert having rounded shape, followed
by a second tumbling step to provide a smooth surface and/or
an edge rounding.

According to the invention, there 1s also provided a ceramic
cutting msert, based on an oxide ceramic or a nitride ceramic
or a mixed ceramic material, possibly containing whiskers,
manufactured by the above method wherein the finished
insert has an edge rounding of the cutting with a W value of
from about 30 to about 70 um, an H value of {from about 30 to
about 70 um and a W/H ratio of from about 0.8 to about 1.6,
and a smooth surface having an MR  value of equal to or less
than about 0.30 um, preferably equal to or less than about 0.25
L.

In a preferred embodiment, said cutting insert has a
rounded shape.

In another preferred embodiment, the cutting insert 1s of a
s1alon grade.

The mvention 1s additionally illustrated 1n connection with
the following examples, which are to be considered as illus-
trative of the present invention. It should be understood, how-
ever, that the invention 1s not limited to the specific details of
the examples.

EXAMPLE 1

Ceramic cutting mserts of the type RNGN 1207000, hav-
ing a rounded shape, were manufactured by preparing a raw
material powder mixture of 68.62 wt-% S1,N,, 9.28 wt-%
AlL,O,, 17.11 wt-% 21 R—F, and 4.99 wt-% Y,O, were
milled 1n water, using sialon milling media. Organic binders
were mixed into the slurry, which was then granulated
through spray drying. The powders were cold-pressed uniaxi-
ally to form green bodies, which were then burnt oif sepa-
rately at 650° C. The burnt off green bodies were then sintered
under nmitrogen pressure at a maximum sintering temperature
of 1810° C. The sintered blanks were loaded 1nto a 200 liter
vibratory tumbler with cylindrical ceramic chips (3x6 mm) of
highly abrasive efficiency sort in 3:1 weight ratio chips:
blanks. The total blank weight was 10 kg. A compound was
added, totally 2000 gram, and running water at rate of 1
liter/hour. The out-of-balance settings of the vibratory tum-
bler were 4/40/110° and the motor ran at 1700 rpm, resulting,
in an amplitude of 2.5 mm. With these settings two sets of
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inserts, Sample A and Sample B, were produced, being run 1n
the tumbler for 360 and 540 min, respectively.

Measurements of the surfaces condition of Sample A (FIG.
1) showed that the insert had a W value of 67 um, a H value of
65 um, the W/H ratio of the edge rounding thus being 1.03.
Further measurements showed that the surface zone had been
removed to an approximate depth of 8 um, leaving a smooth
surface having an MR value of 0.253 um, as measured by
stylus techmque (Mitutoyo Surftest 211), indicating that sur-
face irregularities had been removed. The measurements also
showed that the circular shape of the insert had not been
changed in the tumbling process. A slight tendency to chip-
ping of the cutting edge was observed.

Measurements of the surfaces condition of Sample B (FIG.
2) showed that the insert had a W value of 51 um, a H value of
62 um, the W/H ratio of the edge rounding thus being 0.82.
Further measurements showed that the surface zone had been
removed to an approximate depth of 10 um of leaving a
smooth surtace having an MR value of 0.223 um, indicating
that surface irregularities had been removed. The measure-
ments also showed that the circular shape of the insert had not
been changed 1n the tumbling process. No tendency to chip-
ping of the cutting edge was observed.

EXAMPLE 2

Ceramic cutting inserts of the same grade and type as 1n
Example 1 were prepared, but were instead subjected to a
post-sintering treatment according to the following. The sin-
tered blanks were loaded 1nto a 25 liter tumbler of centrifugal
disc finishing type with trnangular ceramic chips (6x6 mm) of
a sort having less abrasive efficiency than in Example 1 1n 5:1
weight ratio chips:blanks. The total chip weight was 28 kg. A
compound cleansing agent, 2 vol-% 1n an aqueous solution,
was added and running the solution at rate of 30 liter/hour.
With these settings two sets of inserts were produced, Sample
C (FIG. 3) and Sample D (FIG. 4), being run 1n the tumbler for

30 and 60 min, respectively.

Measurements of the surfaces condition of Sample C (FIG.
3) showed that the insert had a W value of 30 um, an H value
of 179 um, the W/H ratio of the edge rounding thus being
0.16. Further measurements showed that the surface zone had
been removed to an approximate depth of 14 um leaving a
surface having an MR value of 0.561 um, as measured by
stylus technique. The measurements also showed that the
circular shape of the imsert had not been changed in the
tumbling process. The cutting edge had obtained excessive
chipping.

Measurements of the surfaces condition of Sample D (FIG.
4) showed that the insert had a W value of 38 um, an H value
of 200 um, the W/H ratio of the edge rounding thus being
0.19. Further measurements showed that the surface zone had
been removed to an approximate depth of 21 um, leaving a
smooth surface having an MR value of 0.503 um. The mea-
surements also showed that the circular shape of the insert had
not been changed 1n the tumbling process. The cutting edge
had obtained excessive chipping.

EXAMPLE 3

Inserts from Example 1, Sample B, were tested and com-
pared with a reference ceramic msert of the same grade and
style, but being ground to final shape after sintering, in a
turning operation.



US 9,238,285 B2

Material: Waspaloy
Cutting data:

Cutting speed = 230 m/min 5
Feed = 0.28 mm/rev
Depth of cut = 2 mm
Time 1n cut = 2 minutes
5 edges of each variant were tested
10

Results:

Observation in light optical microscope of the wear pattern
showed that the inserts according to the imnvention, Sample B,
(FIG. 5) had as an average, obtained slightly less edge chip-
ping than the references (FIG. 6).

Although the present invention has been described 1n con-
nection with preferred embodiments thereot, 1t will be appre-
ciated by those skilled in the art that additions, deletions,
modifications, and substitutions not specifically described
may be made without department from the spirit and scope of
the invention as defined 1n the appended claims.

The mvention claimed 1s:

1. A method of manufacturing a ceramic cutting insert,
based on an oxide ceramic, a nitride ceramic or a mixed
ceramic material 1n a process comprising the powder metal-
lurgical steps of

providing a ready-to-press ceramic powder,

pressing the ready-to-press powder mto a compact of

desired shape,

sintering the compact to a dense ceramic blank and

tumbling the ceramic blank to remove sinter skin and pro-

vide an edge rounding.

2. A method of claim 1 comprising tumbling said blank
until 1t has an edge rounding with a W value of from about 30
to about 70 um, an H value of from about 30 to about 70 um
and a W/H ratio of from about 0.8 to about 1.6, and a mean
surface roughness value, MR  value, of equal to or less than
about 0.30 um.

15

20

25

30

35

6

3. A method of claim 1 wherein the compact has a rounded
shape.

4. A method of claim 1 wherein the ceramic material 1s a
s1alon grade.

5. A method of claim 1 wherein tumbling 1s conducted for
a time being equal to or more than about 300 minutes.

6. A method of claim 1 wherein tumbling 1s performed in a
vibratory tumbler.

7. A method of claim 1 wherein the ceramic material
includes whiskers.

8. A method of claim 2 wherein the MR | value 1s equal to
or less than about 0.25 um.

9. A method of claim 1 wherein the compact has a rounded
shape and the tumbling 1s conducted for a time being equal to
or more than about 300 minutes.

10. A method of claam 1 wherein a tumbling media
includes ceramic chips.

11. A method of claim 10 wherein the ceramic chips are
aluminum oxide chips.

12. A method of claim 10 wherein a weight ratio of chips:

blanks 1s from about 3:1 to about 7:1 and a total blank weight
being from about 5 to about 13 kg.

13. A method of claim 1 further comprising subjecting a
tumbled 1nsert to a grinding operation on selected surfaces
followed by a second tumbling step to provide a smooth
surface and/or an edge rounding.

14. A method of claim 13, wherein selected surfaces are a
top surface and a bottom surface of an insert having a rounded
shape.

15. A method of claim 1, wherein a surface zone 1s removed
to a depth of about 8 um to about 10 um.

16. A method of claim 1, wherein a surface zone 1s removed
to a depth of about 8 um.

17. A method of claim 1, wherein a surface zone 1s removed
to a depth of about 10 um.
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